Appendix 1. Case Study Exercises
The following non-PBCSs were selected for use from the National Center for Case Study Teaching in Science:
• What is Fracking?
• Hydraulic fracturing
• Rock is fractured by a pressurized liquid • High pressure injection of "fracking fluid"
• Sand, gelling agents, hydrochloric acid, guar gum, emulsifiers, 2-butoxyethanol, other
History of Fracking
• 1865 -dropped nitroglycerin down a well to release oil or gas
• Common in Pennsylvania after the Civil War
• 1949 -Hydrafrac developed by Halliburton 
A Controversial Issue Earthquakes
• Many argue that the process of fracking increases the frequency and severity of earthquakes in areas with many wells. This is because the process alters the rock formations below the surface and this may cause them to shift -resulting in earthquakes.
Which of these is a good way to test the increased earthquakes hypothesis?
A. Record the number of earthquakes every year in the US B. Record the severity of earthquakes every year in the US C. Compare earthquake number and severity in areas with high fracking to areas with low fracking D. Compare earthquake number and severity in areas with high fracking to levels in those areas before fracking began A . 1980-1990 high, 2005-2015 low B. 1980-1990 low, 2005- 2015 high C. Both high D. Both low Unfortunately, this study has not been done, but….
• In January 2011, a sequence of earthquakes occurred in close proximity to a well, which was being hydraulically fractured in south-central Oklahoma from January 16, 2011 through January 22.
• Earthquakes were identified by cross correlating template waveforms from manually identified earthquakes. This produced a series of 116 earthquakes, which occurred from January 17, 2011 through January 23, with no other similar earthquakes identified at other times prior to or post-hydraulic fracturing.
• The identified earthquakes range in magnitude from 0.6 to 2.9.
• There is a strong temporal correlation between hydraulic fracturing and earthquakes. This correlation is strengthened because hydraulic fracturing operations ceased for ∼2 days due to bad weather, and earthquakes can be observed to cease during this period and resume after hydraulic fracturing had resumed.
• Locations were well constrained for 86 earthquakes. The first earthquake occurred ∼24 hrs. after hydraulic fracturing began at the well. (Holland 2013) Air Pollution -Benzene
• The Denver Post stated: "Oil and gas operations continue to fuel Front Range air pollution, and rules clamping down on emissions have had little effect in the past three years, a new study says. Air samples from residential backyards in Erie and Longmont and near wells contained levels of chemicals as much as 77 times above regional background levels. Ambient levels of benzene, a known carcinogen, were higher at the state's air monitor in Platteville than in Houston, home to some of the nation's biggest refineries. " • A study on air quality in Eire, Longmont and Platteville showed pollution from fracking in all three towns. The researchers said that the benzene levels "could be detrimental to human health if chronic lifetime exposure should occur.
• In a study by ShaleTest, called Project Playground, levels of benzene found at several test locations (at playgrounds where fracking was nearby), were noted to be above recommended levels. "This particularly noteworthy as benzene is a known carcinogen" The study voiced concerns that the levels set for the compounds found were for workers who were exposed 5 days a week for 8 hours, not continually and not in combination with other pollutants as seen at the study sites.
• Analyze these three statements based on their scientific validity
